IMPORTANCE Incidence of thyroidectomies is continuing to increase. Identifying factors associated with favorable outcomes can lead to cost savings. 
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Emerging evidence is showing that a surgeon's expertise and case volume has a substantial effect on the outcomes of thyroid procedures. Many studies have demonstrated improved clinical outcomes for different surgical interventions in patients treated by higher-volume surgeons. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] These findings have established supporting evidence for the effectiveness of selective referral and the need for centralized health care services. [18] [19] [20] [21] [22] [23] [24] Previous studies have also shown that thyroidectomies performed by high-volume surgeons are associated with lower costs. 12, 17 In the present study, we aimed to examine the cost-effectiveness related to surgical volume by extrapolating the findings to a national level and examining potential cost savings using a statistical model.
Methods
A cross-sectional analysis was performed in October of 2014 using the Nationwide Inpatient Sample (NIS) database for the years 2003 through 2009. The NIS database is publicly available deidentified data that are exempt from institutional review board approval. The NIS is part of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality. This is the largest all-payer inpatient care database publicly available in the United States. It contains data from approximately 8 million hospital stays from approximately 1000 hospitals sampled to approximate a 20% stratified sample of US community hospitals. 25 International Classification of Diseases, Ninth Revision (ICD-9), was used to define parameters of the study. The study population consisted of adult (≥18 years) inpatients who underwent total thyroidectomy (ICD-9: 06.4) or unilateral thyroidectomy (ICD-9: 06.2, 06.3) as the primary procedure. Primary diagnosis was classified into malignant or uncertain behavior neoplasms of the thyroid (ICD-9: 193, 237. 4 The main study outcomes included postoperative complications, hospital length of stay, and cost of health care services. Dichotomized complications were defined as the presence of 1 or more of the general or specific complications on the basis of the secondary diagnoses made during the hospital stay (eTable in the Supplement). Length of stay was categorized on the basis of the 75th percentile, which yielded a length of stay of 2 days as a cutoff value below which 75% of the study sample lay. Cost was adjusted for the inflation rate to reflect year 2014 dollar value. The independent factor of interest was surgeon volume. Surgeon volume was classified on the basis of the number of thyroidectomies performed by each surgeon per year into low (≤25th percentile, 1-3 thyroidectomies per year), intermediate (>25th to ≤75th percentiles, 4-29 thyroidectomies per year), and high (>75th percentile, ≥30 thyroidectomies per year).
Other secondary independent factors that were assessed as potential confounders were (1) patient demographic characteristics: age (<35, 35-65, >65 years), sex, and race (white, black, Hispanic, Asian/Pacific Islander, Native American, other); (2) socioeconomic factors: household income (quartile classification) and main payer of health care services (Medicare, Medicaid, private insurance, self-pay, no charge, other); (3) clinical factors: primary diagnosis (malignant, benign, Graves disease), thyroidectomy type (total, unilateral), overweight (body mass index [BMI, calculated as weight in kilograms divided by height in meters squared], ≥25), inpatient death, whether neck dissection was performed, and a modification of the Charlson comorbidity index score (CCIS) used to assess patient comorbidities (low score, 0-1; high score, ≥2) 26 ; and (4) Statistical analysis used weighted data reflecting the national estimate. The records' weights are available in the NIS database. 25 Cross-tabulation and χ 2 tests were used to examine the association between each of the independent factors and the outcomes of interest. Factors with significant association were considered confounders and were included in multivariate logistic regression models. Multivariate logistic regression models were used for calculating odds ratios (ORs) and 95% confidence intervals. Analysis of variance was used to test for differences in cost. Cost saving was estimated such that the total cost of patients' treatment by low-volume surgeons was compared hypothetically with that of patients who were to be treated by intermediate-or high-volume surgeons. The expected amount of cost saving at the national level was calculated with a conservative assumption that 150 000 thyroidectomies were performed per year in the United States and with controlling of the hospital volume. The significance level was set as α = .05. All data analyses were performed using SAS, version 9.3 for Windows (SAS Institute).
Results
A total of 77 863 discharge records were identified between 2003 and 2009 ( Table 1 ). The mean (SEM) age of the study population was 51.8 (0.11) years. The majorities of the study population were white (70.0%), female (80.6%) patients, and had private insurance (62.7%). Most patients had 1 or no comorbidities at time of hospitalization (99.2%). With regard to diagnosis, benign thyroid disease was the most common (63.3%), Graves disease was the least common (3.4%), and malignant conditions made up the rest. Complications occurred in 11.1% of patients, and 122 patients died during their hospi- Complications that were associated with the highest costs were tracheostomy, infection, and renal complications, with a mean cost of more than $75 000 (eFigure 3 in the Supplement), while complications such as hypocalcemia, tracheomalacia, and the development of hoarseness cost less than $15 000.
For the cost savings analysis using our financial model, if all cases treated by low-volume surgeons were to be treated by intermediate-volume surgeons, an estimated savings of 11.2% was expected throughout the study period, and the savings were even higher if patients were to be treated by highvolume surgeons (12.2%) ( Table 3) . By stratifying the patients treated by low-volume surgeons, we found that the highest savings (~50%) would have been achieved had higher-volume surgeons treated patients with CCIS of 2 or more. Savings were also high, approximately 20%, if older patients or those on Medicare received care by surgeons of higher volume. Slightly lower savings were observed in overweight patients, those with malignant thyroid diseases, and those treated in teaching hospitals. With the conservative assumption of 150 000 thyroid- Table 4) . The estimated annual cost savings for the subpopulations considered in this study were highest for patients with multiple comorbidities ($2.5 billion), while the savings were more than $1 billion for older patients (>65 years), overweight patients, those with malignant diseases, and for those with Medicare health coverage. The estimated amount of savings was extrapolated to the year 2016 by assuming that the mean rate of cost increase seen during the study period continues through 2016; this is a conservative assumption because we did not let the cost increases compound. The cost savings if intermediate-volume surgeons were to perform all 150 000 thyroidectomies each year would be $2 084 027 923.07, while high-volume surgeons would produce savings of $3 113 970 133.07. There was an exponential increase in savings with time resulting from a higher rate of cost increase in low-volume surgeons ($518.51/ case/y) compared with that of intermediate-volume surgeons ($235.85/case/y) and high-volume surgeons ($424.52/ case/y) (Figure) .
Discussion
In this study, we have demonstrated that thyroid surgical procedures performed by higher-volume surgeons are associated with more favorable clinical outcomes. These observa- Copyright 2016 American Medical Association. All rights reserved.
tions are in accord with previously reported findings by our group and others. 12, 17 We also found that certain complications following thyroidectomies, such as tracheostomy, infections, or renal complications, were associated with substantially higher costs to the health care system than other complications.
In addition, we found that significantly lower costs of health care services were associated with advanced surgeon experience, consistent with previously published reports on thyroidectomy, as well as those for other procedures including those involving the colon, pancreas, and uterus. 16, 17, [27] [28] [29] [30] [31] In 2007, Williams et al 32 estimated potential cost savings of $28.7 million if all patients who required radical prostatectomy were referred to higher-volume surgeons. Notwithstanding the different patient populations, procedures, and study period, our study found comparable potential savings of $1.1 billion at the national level with high-volume surgeons over a span of 7 years. We also observed that substantially greater savings are related to patient intrinsic characteristics, such as BMI and comorbidity status, rather than factors related to surgical or technical characteristics. This finding may indicate that selective referral of patients based on factors such as comorbidity status is more cost-effective regardless of the nature and features of the surgical intervention. On the other hand, the finding might be confounded by inconsistency in coding comorbidities across settings. It is assumed that advanced centers are more efficient in coding secondary diagnoses, and this could introduce differential bias.
By examining the savings that could be produced by selective referral of higher-risk populations, such as patients older than 65 years, overweight patients, or those with more than 2 comorbidities, to higher-volume surgeons, we demonstrated greater attainable savings than in the general population. Sosa et al, 13 in studying thyroidectomy outcomes using the same national database for the years 2003 through 2004, reported lower risk of complications and costs for highvolume surgeons (≥30 thyroidectomies per year), when treating older patients (>65 years) with either low or high CCIS (≤2 vs ≥3). On the basis of these observations, our cost-saving model estimated net savings of more than $2.5 billion at the national level in patients with multiple comorbidities, and savings of $1.1 billion for older patients that could be derived from selective referral to higher-volume surgeons during the study period. This study is limited by the administrative nature of the database and the cross-sectional design. Additionally, it is limited by a population that includes inpatient thyroidectomies only. This presents a considerable limitation on extrapolating and generalizing the outcomes, given that most thyroid procedures are currently performed in outpatient settings. It is anticipated that outpatient procedures are associated with a lower cost to the health care system and this may undermine the cost findings in this study; however, it is likely that a cost difference may still exist among the different surgeon volumes even in the outpatient practice. Another limitation is that the database has information on patients during their hospital stay only and there is a lack of follow-up for outcomes that could develop after hospital discharge. Because this is especially the case for certain and substantial surgical complications, such as recurrent laryngeal nerve paralysis that may not necessarily manifest or be diagnosed during an inpatient encounter, we may underestimate the percent of patients experiencing postoperative complications. We expect, however, that the reporting of these types of complications will be similarly stratified over different surgical volumes; and because the main focus of this study is a cost analysis rather than a clinical one, administrative data adequately serve our purpose. The study has several strengths represented by the long study period, large sample size, and the application of a weighted analysis that reflects more accurate estimates at the national level. Because these national estimates have not been presented before, it would be useful to replicate this study using different and more sophisticated resources.
Conclusions
The anticipated outcomes associated with higher-volume surgeons extend beyond the important clinical quality imperatives to include a substantial potential economic impact as well. We have demonstrated that centralization and selective referral of patients who require thyroidectomy to high-volume surgeons hold conceivable savings potentials for the general patient and especially for certain vulnerable patient populations. A public health initiative to facilitate referral of patients with higher CCIS scores, patients older than 65 years, and patients with thyroid cancer to higher-volume surgical environments is warranted. These findings regarding a widely performed procedure such as thyroidectomy may be used to improve the effectiveness of the health care system and decrease the burden of unnecessary expenses. 
